The phylogenetic relationships of Kibdelosporangium aridum and Saccharothrix australiensis were examined using reverse transcriptase sequencing of 16s ribosomal RNA. The sequences were aligned with other actinomycete sequences and a phylogenetic tree was constructed. K. aridum ATCC 39323 and S. australiensis ATCC 31947 formed distinct sublines within the family Pseudonocardiaceae. Their status as distinct genera was supported by the results of DNA :DNA pairing experiments. The inclusion of K. aridum and S. australiensis and two unpublished Amycolata spp. sequences in the rRNA analysis resulted in Amycolata autotrophica joining the family Pseudonocardiaceae. In previous studies, this strain had formed an isolated line of descent. dt is proposed that the genera Amycolata and Kibdelosporangium be classified in the family Pseudonocardiaceae. Further work is needed to confirm the phylogeny of S. australiensis. Chemotaxonomic analyses of lipids and cell walls from S. australiensis support these findings and confirm previous work.
INTRODUCTION
We have recently used reverse transcriptase sequencing of 16s ribosomal RNA (rRNA) to explore the phylogeny of sporoactinomycetes which contain meso-diaminopimelic acid (DAP), arabinose and galactose (wall type IV; Lechevalier & Lechevalier, 1970) , but not mycolic acids (Embley et al., 1988 b, c) . The genera Actinopolyspora, Amycolatopsis, Faenia, Pseudonocardia, Saccharomonospora and Saccharopolyspora were shown to form a coherent phylogenetic unit for which the family Pseudonocardiaceae was proposed . These organisms are morphologically and phenotypically diverse but share a number of chemotaxonomic features which can help in their identification (Gochnauer et al., 1975; Lechevalier et al., 1977 Lechevalier et al., , 1986 Goodfellow & Cross, 1984; Kroppenstedt, 1985; Embley et al., 1986 . The major menaquinones are tetrahydrogenated with eight or nine isoprene units. Fatty acids are mainly of the iso-and anteiso-methyl-branched series, with variable amounts of mono-unsaturated and 10-methyl-branched compounds. Some strains synthesize dimethyl-branched fatty acids. Phosphatidylinositol, phosphatidylglycerol and diphosphatidylglycerol are found in all taxa ; phosphatidylethanolamine or derivatives thereof are found in all genera except Actinopolyspora. Phosphatidylcholine is synthesized by representatives of Actinopolyspora, Faenia, Pseudonocardia and Saccharopolyspora. The genus Amycolata (Lechevalier et al., 1986) contains bacteria with the same chemical profile as members of the family Pseudonocardiaceae, but in the phylogenetic tree Amycolata autotrophica was recovered as an isolated line of descent (Embley et al., 1988 b,c) .
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Cell wall and lipid analyses. Fatty acids were extracted from freeze-dried biomass of S. australiensis ATCC 31947 and analysed using published techniques (Embley et al., 1987) . Polar lipids and menaquinones were analysed using published techniques (Minnikin et al., 1984; Collins, 1985) . Whole-cell and cell-wall sugars were analysed as their alditol acetates using capillary gas chromatography (Englyst & Cummings, 1984) . Cell walls were prepared as described by O'Donnell et al. (1985) .
RESULTS

DNA :DNA pairing
The results of DNA : DNA pairing experiments between radiolabelled DNA from Kibdelosporangium aridum ATCC 39323 and Saccharothrix australiensis ATCC 3 1947 and target DNA from representative amycolate wall type IV bacteria are shown in Table 1 . Non-specific binding to filters was low, at less than 3% of the counts obtained for the homologous reactions. The level of binding between K . aridum and S. australiensis and the wall type IV bacteria was not significantly higher than the binding to control DNA from Streptomycespeucetius ATCC 29050. This suggests that neither organism is related at the species level to the reference amycolate wall type IV bacteria in Table 1 .
R NA sequence analysis
In the current study the use of reverse transcriptase yielded 1413 and 1420 bases of 16s rRNA sequence ( Fig. 1) for K . aridum ATCC 39323 and S. australiensis ATCC 31947 respectively, of which 949 bases in six large stretches ( Table 2 . The phylogenetic tree constructed from the K,,, values is shown in Fig. 2 . It can be clearly seen that K . aridum and S. australiensis are distinct sublines within the broad grouping defined by members of the family Pseudonocardiaceae. The inclusion of K . aridum, S. australiensis and Amycolata spp. IFAM 78 and 379 resulted in Amycolata autotrophica joining the family Pseudonocardiaceae. The three species of Amycolata formed a coherent group. The results are means of three replicates f standard error computed on n -1 degrees of freedom.
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Lipid and cell wall analyses In the present study S. australiensis ATCC 3 1947 was found to contain two ninhydrin-positive phospholipids which had the staining and chromatographic behaviour of hydroxyphosphatidylethanolamine and phosphatidylethanolamine. Diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and an unidentified phosphoglycolipid were also detected. The major fatty acids detected in S. australiensis ATCC 3 1947 consisted of iso-and anteiso-methyl-branched saturated fatty acids; iso-branched unsaturated, iso-10-methyl-branched and 1 O-methylbranched acids were also detected in small amounts. The major menaquinone detected in S. australiensis ATCC 31927 was a tetrahydrogenated menaquinone with nine isoprene units. A small amount ( c 10%) of a tetrahydrogenated menaquinone with ten isoprene units was also detected. Galactose, glucose, mannose and rhamnose were the major sugars found in whole cells and purified cell walls.
DISCUSSION
In the present investigation Kibdelosporangium aridum ATCC 39323, Saccharothrix australiensis ATCC 31947, Amycolata autotrophica and Amycolata spp. IFAM 78 and 379 were recovered as sublines within the phylogenetic grouping defined by the family Pseudonocardiaceae (Embley et al., 1988 c;  Fig. 2) . In previous studies, Amycolata autotrophica was recovered as a separate line of descent adjacent to representatives of Actinoplanes and Dactylosporangium (Embley et al., 1988b, c) . The new position of Amycolata shows that the topology of phylogenetic trees may change with the addition of more sequences. It is therefore important to interpret them in the light of other stable taxonomic data (Wayne et al., 1987) and, where the position of a taxon is doubtful, to obtain sequences from more organisms. The inclusion of the genus Amycolata in the family Pseudonocardiaceae is in good agreement with the available chemotaxonomic evidence (Lechevalier et al., 1986) and we therefore consider it to be an accurate reflection of its phylogeny. Members of the genus Amycolata possess a wall chemotype IV, tetrahydrogenated menaquinones with eight isoprene units and iso-and anteiso-branched fatty acids. They contain the same phospholipids as members of the genera Faenia, Saccharopolyspora and Pseudonocardia (Kroppenstedt, 1985; Lechevalier et al., 1986; Embley et al., 1988a) . In contrast, members of the genera Actinoplanes and Dactylosporangium lack a wall chemotype IV, contain different polar lipids and possess menaquinones with nine or ten isoprene units (Kroppenstedt, 1985) .
The classification of Kibdelosporangium aridum within the family Pseudonocardiaceae is also supported by chemotaxonomic data (Shearer et al., 1986; Mertz & Yao, 1988) . Thus, K. aridum has a wall chemotype IV (Shearer et al., 1986) . It also contains phosphatidylethanolamine and derivatives as characteristic phospholipids and in this respect is similar to Amycolatopsis and Saccharomonospora (Lechevalier et al., 1986; Shearer et al., 1986; Embley et al., 1988a) . The results of the current DNA:DNA pairing experiments suggest, however, that it is not specifically related to these genera. In common with members of the family Pseudonocardiaceae, the major fatty acids found in K. aridum are of the iso-and anteiso-monomethyl-branched type (Mertz & Yao, 1988) .
The finding that Saccharothrix australiensis forms a subline within the phylogenetic group defined by members of the family Pseudonocardiaceae is an interesting result which is partially supported by chemotaxonomic data. Thus, S. australiensis contains tetrahydrogenated menaquinones with nine or ten isoprene units (Labeda et al., 1984; Collins et al., 1988) . Moreover, detailed work by Collins et al. (1988) has shown that the MK-9H4 component is the same structural isomer (hydrogenation of isoprene units I1 and IV) as found in Faenia rectiuirgula. In the present study S. australiensis was found to synthesize the same range of fatty acids as found in members of the family Pseudonocardiaceae. It also contains the same types of phospholipids (Labeda et al., 1984) as found in the genera Amycolatopsis, Kibdelosporangium and Saccharomonospora (Lechevalier et al., 1986; Shearer et al., 1986; Embley et al., 1988a) . The DNA pairing results (Table 1) show that S. australiensis is distinct from these genera. The major difference between S. australiensis and members of the family Pseudonocardiaceae is in cell wall chemotype. The current members of the family all contain a wall chemotype IV comprising
